I. Introduction
The debuncher stochastic cooling system requires narrowband filters to reduce the noise floor of the out-of-band signal. The original design that was employed in the Antiproton Source Debuncher was using a microwave FIR technique [1] . The FIR technique has a great advantage over many microwave techniques in that the FIR technique is inherently matched, whereas many microwave filtering techniques are not matched. This is to say, the out-of-band signals are typically reflected. It was thought that this reflection would be deleterious to our system, but upon further investigation the reflected signals from the filter could be reduced and tolerated with the use of fixed attenuators at the input and output of the filters. The filters were then added to the system and system performance improved accordingly. The filters were designed using a technique described by Pozar [2] and was optimized using Hewlett Packard's Touchstone Series IV Microwave Design Suite. The technique presented by Pozar is attractive because it can be easily optimized to fit specific design criteria, and the out-of-band transmission drops very quickly thereby having an excellent steep skirt. The results from Touchstone had to be further simulated and optimized electromagnetically with Ansoft's Ensemble Figure 2 . Picture of an assembled and an unassembled debuncher bandpass filter. The unassembled filter allows one to see that a small cutout section is designed into each board for soldering the connector onto the board. A small piece of board stock is then inserted into the cutout section to maintain the correct line impedance. The discolored sections on the ends of the boards is due to a manufacturing process to keep the cutout sections clear of copper etchant. 
II. Design Considerations
The method that Pozar presents in his text is very general and the practicalities of a design can either make the system work ok or make it work poorly. A sample of the layout of a filter is shown in Fig. 1 . A four coupled line model using a trial/error technique was chosen for the filter. height. This particular type of board also allows one to use an easily obtainable and cheap connector, such as the MACOM 2052-1618-02. Since this technique has a high out-of-band-reflection, it is required during the installation process to use attenuators. Each filter was designed to have a 1dB insertion loss in-band. Therefore, a 6dB pad allows the total reflection coefficient to be no greater than A picture of a typical microwave filter is shown in Fig. 2 . A picture of the s dB for the board to be pressed in a large press. Additionally, the board stock is expensive, so a short board is cheaper. Finally, the delay through the microwave resonant board is on the order of 1.4 nsec, whereas for the FIR board the delay is 3.5 nsec.
III Data and Measurements
The data for the filters is reproduced in the Table 1 . The data for making each of the filters used in the Debuncher. Each filter had to be designed and optimized for its individual bandwidth and center frequency. All the units are in mils.
After the boards were etched, it was necessary to go to the circuit board manufacturer and inspect the line widths and trace quality. A common error observed in manufacture was not including the etch factor. Etch factor is a quantity unique to each fabrication house, and this term takes into consideration the strength of the acid bath for etching away the copper on each circuit board. It is common to add a one mil thick border to each trace as an etch factor. When the etch factor is not taken into consideration, the trace separation is off by as much as 2 mils on each coupled line, the length of each coupled lines are each off by 2 mils, and the impedance of each coupled line is incorrect. This is disastrous to the performance of the filter. If the temperature varies slightly and the boards expand or shrink, it turns out that the design is extremely stable to these changes with respect to etch factor. 
IV Conclusion
The technique outlined in this section shows a viable filter fabrication technique. The boards have a significant time delay savings over the FIR technique. The cost of board fabrication beats the FIR technique by a factor of 10. The boards can be electromagnetically simulated whereas the FIR board technique cannot be electromagnetically simulated because of sheer board size. Because the board size of the filters outlined in this paper is small they are therefore relatively simple to install while the boards designed using the FIR technique are much larger and bulkier and more difficult to install.
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